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(54) Laser probe for medical treatment 



(57) A medical laser probe to be used as a laser 
irradiation means in laser treatment which is performed 
by irradiating a living body with laser light. This laser 
probe aims at irradiating laser light uniformly, utilizing 
laser light effectively by concentration thereof, achieving 
the limited irradiation of laser light and taking counter- 
measures against stains thereon. TTius, this laser probe 
is provided with a transparent light diffuser for radiating 
laser light received by a light-guide fiber in the direction 
along the axis of the light diffuser and in the radial direc- 
tions from this axis to the peripheral side surface 
thereof, and with a detachable protective diffusion tube 
for further diffusing laser light radiated from the trans- 
parent light diffuser. Incidentally, a reflector may be pro- 
vided therebetween. Further, shielding plates may be 
provided on the protective diffusion tube. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

The present invention relates to a probe for laser 
irradiation, which is used in a medical laser device for 
performing laser treatment by irradiating a human being 
or an animal with laser light or beams. 

2. Description of the Related Art 

With the recent advance of science and technology, 
applications of laser light are being developed rapidly in 
the field of medical treatment. Especially, internal laser 
treatment to be performed or provided in combination 
with the utilization of an endoscope is expected to come 
into widespread use in the future, because the internal 
laser treatment permits a patient to be treated without 
an incision and relieves a burden imposed on the phys- 
ical strength of a patient. Hereinafter, a photodynamic 
therapy (hereunder abbreviated as PDT), which utilizes 
a medicine in combination with laser light, will be 
described. 

This PDT is a treatment of a focus or nidus such as 
a tumor, to be performed by preliminarily accumulating 
photosensitive materials, which have specific affinity to 
the tumor and further have photochemical reaction 
characteristics concerning a cellulicidal action and fluo- 
rescence caused by optical excitation, on the focus and 
by thereafter irradiating the photosensitive materials 
with light, which can be absorbed by the materials, to 
thereby pump or excite the photosensitive materials and 
to consequently generate active oxygen. FIG. 8 illus- 
trates a laser irradiation probe of the side irradiation 
type that is described in the Japanese Patent Laid-open 
No. 63-318933/1988 Official Gazette. As shown in this 
figure, a conical light diffuser (namely, a conical pointed 
light diffuser) B made of a transparent material, to the 
surface A of which a scraping process or a surface 
roughening process is applied, is attached to a light dif- 
fuser or end portion of a light-guide (optical) fiber. With 
this structure, laser light emitted from the light-guide 
fiber passes through the inside of the light diffuser B and 
then reaches a side surface of the light diffuser B. As 
shown in FIG. 9, the surface A of the light diffuser has 
an uneven structure. Thus the laser light is reflected at 
an irregular angle in dependence on the structure of the 
surface where the laser light has reached, as indicated so 
by arrows in this figure. Incidentally, reference character 
M denotes a tissue to be treated. 

However, in the case of the aforementioned con- 
ventional probe, when a laser treatment is performed by 
inserting the light diffuser B thereof into an internal nar- ss 
row affected part or a diseased part which is in a sten- 
osed state, namely, the tissue M to be treated, the 
roughened part of the surface of the light diffuser B is 
stained with a tumor or an internal secretion. Thus, the 



transmissivity, at which the laser light is transmitted, of 
this part of the conventional probe is deteriorated. Fur- 
ther, the diffusibility, by which the laser light is diffused, 
of this part is degraded. Consequently, the conventional 
probe has faced problems in that the irradiation of laser 
light cannot be performed in an established manner and 
in that a same laser irradiation probe cannot be used 
repeatedly. 

Moreover, the conventional probe has an omnidi- 
rectional irradiation structure. Thus, the conventional 
probe further has encountered another problem in that 
even a tissue, which does not need to be irradiated with 
laser light, is also irradiated with laser light. 

The present invention is accomplished to resolve 
the problems which the conventional probe has faced. 

It is, accordingly, an object of the present invention 
to provide a laser irradiation probe which can realize 
accurate and efficient treatment and can be used 
repeatedly. 

SUMMARY OF THE INVENTION 

To achieve the foregoing object, in accordance with 
the present invention, there is provided a medical laser 
probe (hereunder sometimes referred to as a first med- 
ical laser probe of the present invention) for guiding 
laser light from a medical (laser) light source to an 
affected part to be treated, which comprises a transpar- 
ent light diffuser for receiving light emitted from a light- 
guide fiber, which arrives from the laser light source, 
and for radiating the received incident light from a 
peripheral side surface thereof, and further comprises a 
protective diffusion tube, which is provided outside the 
peripheral side surface of the transparent light diffuser, 
for further diffusing laser light radiated from the trans- 
parent light diffuser. 

Further, in the case of an embodiment of the first 
medical laser probe of the present invention, the protec- 
tive diffusion tube may be detachably provided on the 
light diffuser. 

Moreover, in the case of another embodiment of the 
first medical laser probe of the present invention, in 
addition to the aforementioned composing elements of 
the first medical laser probe, a plurality of laser-light 
reflection grooves are provided on the peripheral side 
surface of the light diffuser in such a way as to extend in 
a direction perpendicular to an axis of the light diffuser 
and in such a manner that laser light is irradiated in a 
direction along the axis of the light diffuser and in 
(radial) directions from the axis thereof to the peripheral 
side surface thereof. 

Furthermore, in the case of still another embodi- 
ment of the first medical laser probe of the present 
invention, in addition to the aforementioned composing 
elements of the first medical laser probe, a plurality of 
dimples are formed in the peripheral side surface por- 
tion of the light diffuser in such a manner that laser light 
is irradiated in a direction along an axis of the light dif- 
fuser and in (radial) directions from the axis thereof to 
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the peripheral side surface thereof. 

Additionally, in the case of yet another embodiment 
of the first medical laser probe of the present invention, 
in addition to the aforementioned composing elements 
of the first medical laser probe, additive agents (namely, s 
addition agents), which are operative to reflect laser 
light, are added to a transparent material of the light dif- 
f user by gradually increasing the density of the additive 
agent from a laser-light incidence portion of the light dif- 
fuser to an end thereof in such a manner that the closer 10 
to the end of the light diffuser a place becomes, the 
higher the diffusion coefficient thereof at the place 
becomes, so that laser light is irradiated in a direction 
along an axis of the light diffuser and in (radial) direc- 
tions from the axis thereof to the peripheral side surface is 
thereof. 

Further, in the case of a further embodiment of the 
first medical laser probe of the present invention, in 
addition to the aforementioned characteristic features of 
the first medical laser probe, the protective diffusion 20 
tube is made of translucent smooth plastics. 

Moreover, in the case of another embodiment 
(hereunder sometimes referred to as a seventh medical 
laser probe of the present invention) of the first medical 
laser probe of the present invention, in addition to the 25 
aforementioned characteristic features of the first medi- 
cal laser probe, a directivity limiting directions, in which 
the probe irradiates laser light, to some (radial) direc- 
tions from the axis of the light diffuser to the peripheral 
side surface thereof is imparted to the probe. Thereby, a 30 
living body, which does not need to be irradiated with 
laser light, is prevented from being irradiated with laser 
light. For the above directivity, in this case of this 
embodiment of the first medical laser probe of the 
present invention, in addition to the aforementioned 35 
composing elements of the first medical laser probe, a 
laser-light reflector having an opening formed in a part 
thereof is provided between a protective diffusion tube 
and a transparent light diffuser. 

Additionally, in the case of an embodiment of the 40 
seventh medical laser probe of the present invention, in 
addition to the aforementioned composing elements of 
the seventh medical laser probe, a reflector made of 
gold, which has high reflection efficiency and is a most 
stable material, is provided. 45 

Further, in the case of another embodiment (here- 
under sometimes referred to as a ninth medical laser 
probe of the present invention) of the first medical laser 
probe of the present invention, in addition to the afore- 
mentioned composing elements of the first medical so 
laser probe, laser-light blocking means for blocking 
laser light reflected from a living body with respect to a 
peripheral direction of the light diffuser and leakage light 
leaking out of the protective diffusion tube is provided in 
the protective diffusion tube so as to prevent a living 55 
body, which does not need to be irradiated with laser 
light, from being irradiated with laser light. 

Moreover, in the case of an embodiment (hereun- 
der referred to as a tenth medical laser probe of the 



present invention) of the ninth medical laser probe of 
the present invention, in addition to the aforementioned 
composing elements of the ninth medical laser probe, 
the laser-light blocking means for blocking laser light is 
made of a fibrous material which has flexibility. 

Furthermore, in the case of an embodiment of the 
tenth medical laser probe of the present invention, in 
addition to the aforementioned composing elements of 
the tenth medical laser probe, the fibrous material of the 
laser-light blocking means is made of a shape memory 
alloy. 

Additionally, in the case of another embodiment 
(hereunder sometimes referred to as a twelfth medical 
laser probe of the present invention) of the first medical 
laser probe of the present invention, in addition to the 
aforementioned composing elements of the first medi- 
cal laser probe, laser-light blocking means for blocking 
laser light reflected from a living body with respect to an 
axial direction of the light diffuser and leakage light leak- 
ing out of the protective diffusion tube are provided at 
both ends of the protective diffusion tube so as to pre- 
vent a living body, which does not need to be irradiated 
with laser light, from being irradiated with laser light. 

Besides, in the case of an embodiment of the ninth 
or twelfth medical laser probe of the present invention, 
in addition to the composing elements of the ninth or 
twelfth medical laser probe of the present invention, the 
laser-light blocking means is made of a material 
adapted to block off only laser light but transmit other 
kinds of light so that a living body can be observed 
through the laser-light blocking means. 

Thus, in the case of the probes of the present inven- 
tion provided with the aforementioned means, laser light 
obtained from the light-guide fiber is diffused by the 
transparent light diffuser in the direction of the axis 
thereof and in the (radial) directions from the axis 
thereof to the peripheral side surface thereof. Moreover, 
this diffused light is further diffused by the protective dif- 
fusion tube provided outside (or on the outer surface of) 
the transparent light diffuser. Furthermore, the reflector 
having a (radial) opening formed in such a way as to 
extend in the direction of the axis of the light diffuser to 
the peripheral side surface is provided between the 
transparent light diffuser and the protective diffusion 
tube. Additionally, the laser-light blocking means is pro- 
vided in the protective diffusion tube. Thereby, the effi- 
cient irradiation and the limited irradiation of laser light 
can be achieved. 

Meanwhile, the protective diffusion tube can be 
detached from the probe of the present invention. When 
stained, the tube can be detached from the light diffuser 
and can be then washed separately and further can be 
replaced with another protective diffusion tube. Hereun- 
der, concrete or practical embodiments of the present 
invention will be described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features, objects and advantages of the 
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present invention will become apparent from the follow- 
ing description of preferred embodiments with reference 
to the drawings in which like reference characters des- 
ignate like or corresponding parts throughout several 
views, and in which: 

FIG. 1 is a partially sectional diagram for illustrating 
the configuration of a primary or principal part of a 
medical laser probe of the present invention; 
FIG. 2 is a front view of the primary part of the med- 
ical laser probe of the present invention, which illus- 
trates how laser light is radiated from the medical 
laser probe of the present invention; 
FIG. 3 is a semi sectional view of a primary part of 
a medical laser probe of the present invention, 
which illustrates the configuration of this medical 
laser probe provided with a dimpled transparent 
light diffuser; 

FIG. 4 is a front view of a primary part of a medical 
laser probe of the present invention, which illus- 
trates the configuration of this medical laser probe 
provided with a reflector; 

FIG. 5 is a perspective view of the primary part of 
the medical laser probe of the present invention, 
which illustrates how laser light is radiated from the 
medical laser probe provided with the reflector; 
FIGS. 6A and 6B illustrate the configuration of a 
medical laser probe of the present invention pro- 
vided with shielding plates, namely, 
FIG. 6A is a front view of a primary part of this med- 
ical laser probe; and 

FIG. 6B is a right-hand side view of the primary part 
of the medical laser probe of FIG. 6A; 
FIGS. 7A and 7B illustrate the configuration of 
another medical laser probe of the present inven- 
tion provided with shielding plates, namely, 
FIG. 7A is a front view of a primary part of this med- 
ical laser probe; and 

FIG. 7B is a right-hand side view of the primary part 
of the medical laser probe of FIG. 7A; 
FIG. 8 is a diagram for illustrating a prior art medical 
laser probe; and 

FIG. 9 is an enlarged view of a surface of the trans- 
parent light diffuser of the prior art medical laser 
probe. 

DETAILED DESCRIPTION OF THE PREFERRED 
f EMBODIMENTS 

First Embodiment 

Hereinafter, a preferred embodiment, namely, a first 
embodiment according to the present invention will be 
described in detail by referring to the accompanying 
drawings. 

FIG. 1 illustrates a medical laser probe of this 
embodiment of the present invention. In this figure, ref- 
erence numeral 1 designates a light-guide fiber for guid- 
ing laser light emitted from a laser light source. Further, 



reference numeral 2 denotes a transparent light diffuser 
made of materials such as plastics, quartz and sap- 
phire, which transmit laser light, as illustrated in FIGS. 1 
and 3. In the case of the transparent light diffuser of 

5 FIG. 1 , laser light is nearly uniformly diffused and radi- 
ated in the direction of the axis of the light diffuser and 
in the (outwardly) radial directions from the axis thereof 
to the peripheral surface thereof by laser-light reflection 
grooves 2a formed in the peripheral surface portion of 

io the light diffuser. In the case of the transparent light dif- 
fuser of FIG. 3, similarly, laser light is nearly uniformly 
diffused and radiated in such directions by dimples 2b. 
Moreover, reference numeral 3 designates a protective 
diffusion tube made of translucent plastics, which is 

15 operative to further diffuse laser light diffused and radi- 
ated by the transparent light diffuser 2. Furthermore, 
inorganic additive agents, which are operative to reflect 
laser light, may be added to the material of the transpar- 
ent light diffuser, which transmits laser light, instead of 

20 providing the laser-light reflection grooves 2a or the 
dimples 2b in the light diffuser. At that time, the additive 
agent may be added thereto so that the closer to the 
(pointed) end of the light diffuser a place becomes, the 
higher the density of the additive agent becomes. 

25 When laser light is incident on the laser probe con- 
structed as above described, the laser light travels in the 
transparent light diffuser 2 at an angle, at which the 
laser light is radiated from the light-guide fiber 1, from 
the axis thereof. Then, the laser light impinges on the 

30 laser reflection grooves 2a, the dimples 2b or the addi- 
tive agents for reflecting laser light. Thus, the laser light 
undergoes complex transmission/reflection process. 
After this complex transmission/reflection process, the 
laser light is radiated from the transparent light diffuser 

35 2 and is then incident on the protective diffusion tube 3 
provided outside the light diffuser 2. Subsequently, the 
incident laser light is further diffused owing to the diffus- 
ibility thereof in the protective diffusion tube 3 made of 
translucent plastics. Then, the diffused laser light is 

40 radiated from the tube as indicated by arrows in FIG. 2. 
Further, the surface of the protective diffusion tube is 
smooth, so that the surface thereof is hardly stained 
with deposits. Even when stained, the deposits can eas- 
ily be wiped away therefrom. If necessary, the tube can 

45 be replaced with another protective diffusion tube. 

Second Embodiment 

Hereinafter, another medical laser probe, which has 
so the directivity, according to the present invention, 
namely, a second embodiment of the present invention 
will be described by referring to the accompanying 
drawings. 

FIG. 4 illustrates the medical laser probe, which has 
55 the directivity, of this embodiment. In this figure, refer- 
ence numeral 4 designates a laser-light reflector which 
is provided between the transparent light diffuser and 
the protective diffusion tube of the medial laser probe 
and which has an opening made therein in such a man- 



4 



7 



EP0 761 257 A2 



8 



ner that the opening directs to a direction where laser 
light is irradiated. 

When laser light is incident on the laser probe con- 
structed as above described, the laser light travels in the 
transparent light diffuser 2 at an angle, at which the s 
laser light is radiated from the light-guide fiber 1, from 
the axis thereof. Then, the laser light impinges on the 
laser reflection grooves 2a, the dimples 2b or the addi- 
tive agents for reflecting laser light, which are provided 
in the transparent light diffuser 2. Thus, the laser light 
undergoes a complex transmission/reflection process. 
After this complex transmission/reflection process, the 
laser light is radiated from the transparent light diffuser 
2 and is then incident on the protective diffusion tube 3, 
which is provided outside the light diffuser 2, in the case 
that the reflector 4 is not present at a place, from which 
the laser light is radiated, on the light diffuser 2 and this 
place coincides with the position of the opening. Subse- 
quently, the incident laser light is further diffused by the 
protective diffusion tube 3. Then, the diffused laser light 
is radiated from the tube 3. In contrast, when laser light 
impinges on the reflector 4, the laser light is reflected at 
an angle which depends on the angle of incidence of the 
laser light. Subsequently, the reflected laser light 
impinges on the transparent light diffuser 2 again. Fur- 
ther, the laser light having impinged on the transparent 
light diffuser 2 goes through a complex reflection proc- 
ess. Finally, the laser light is radiated from the opening 
through the protective diffusion tube 3. 

Consequently, laser light can be concentrated on 
only a part or region which requires a laser treatment. 
Thereby, a highly efficient treatment can be provided. 

Incidentally, the reflector may be shaped like a rec- 
tangle or mounted on the outer surface of the protective 
diffusion tube, as illustrated in FIG. 5. Further, the 
reflector may be preferably made of gold that is chemi- 
cally stable. 

Third Embodiment 

Hereinafter, still another medical laser probe, which 
has a shielding capability, according to the present 
invention, namely, a second embodiment of the present 
invention will be described by referring to the accompa- 
nying drawings. 

FIGS. 6A and 6B illustrate a medical laser probe, 
which has a shielding capability, of the present inven- 
tion. In these figures, reference numeral 5 designates 
shielding plates. Further, as illustrated in these figures, 
two flexible shielding plates are provided along the axis 
of the laser probe in such a way as to be adjusted to the 
laser opening of the medical laser probe described in 
the description of the aforementioned second embodi- 
ment of the present invention. Alternatively, shielding 
matters, which are made of fibrous materials and 
arranged in a line, are provided in the probe in a similar 
manner, instead of the shielding plates. 

Further, FIGS. 7A and 7B illustrate another medical 
laser probe which also has the shielding capability. In 



these figures, reference numeral 6 designates shielding 
plates for blocking off laser light. These shielding plates 
are provided at two places, namely, at an end and at the 
opposite light-guide-fiber-side end of the medical laser 
probe as described in the descriptions of the aforemen- 
tioned first and second embodiments. 

When laser light is radiated from the laser probe 
constructed as above described and a living body for 
example, a trachea is irradiated with the radiated laser 
light, generally, 60 percent of the irradiated laser light is 
incident on the inside of the living body and 40 percent 
thereof is reflected on the surface of the living body. If 
the aforementioned shielding plates 5 and 6 were not 
provided, the reflected laser light would undergo a com- 
plex reflection process in the trachea, so that not only 
an affected part to be treated but also a normal part 
would be widely irradiated with the laser light. Namely, 
the laser light would reach the normal part that does not 
require medical treatment. The shielding plates 5 and 6 
serve to prevent the reflected laser light from straying 
into a normal part. The shielding plates may be shaped 
like a disk. 

Further, by selecting a material, by which only light, 
whose wavelength is within the wavelength band of the 
laser light, is blocked off, as the material of the shielding 
plates, a diseased part to be treated can be observed 
without being obstructed by the shielding plates. Inci- 
dentally, if the aligned shielding matters made of f fcrous 
materials are used instead of the shielding plates, it is 
more advantageous because the probe can be 
smoothly taken out of and into an endoscope without 
resistance or disturbance. 

As described hereinabove, in accordance with 
those embodiments, laser light is obtained or radiated in 
the direction of the axis of the light diffuser and in the 
radial directions from the axis thereof to the peripheral 
side surface thereof. Further, the surface of the protec- 
tive diffusion tube is smooth and resists soiling. Even if 
soiled, stains can easily be wiped out. Moreover, the 
protective diffusion tube can be detached from the light 
diffuser. Furthermore, it is possible to replace only the 
protective diffusion tube with another protective diffu- 
sion tube. Consequently, accurate laser treatment can 
be achieved. Moreover, the medical laser probe can be 
used repeatedly 

Furthermore, the provision of the reflector in the 
probe enables the concentration of laser light. Thus, the 
effective utilization of laser light can be achieved. 

Additionally, the provision of the shielding plates, 
which are used for blocking off laser light, in a probe 
enables the probe to prevent laser light from being 
applied to a part other than affected parts to be treated. 

Although the preferred embodiments of the present 
invention have been described above, it should be 
understood that the present invention is not limited 
thereto and that other modifications will be apparent to 
those skilled in the art without departing from the spirit 
of the invention. 

The scope of the present invention, therefore, 
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should be determined solely by the appended claims. 
Claims 

1 . A medical laser probe for guiding laser light from a 
treatment light source to an affected part to be 
treated, comprising: 

a transparent light diffuser for receiving light 
emitted from a light-guide fiber, which arrives 
from the treatment light source, and for radiat- 
ing the received incident light from a peripheral 
side surface thereof; and 
a protective diffusion tube, which is provided 
outside the peripheral side surface of the trans- 
parent light diffuser, for further diffusing laser 
light radiated from the transparent light diffuser. 

2. The medical laser probe according to claim 1, 
wherein the protective diffusion tube is detachably 
provided on the light diffuser. 

3. The medical laser probe according to claim 1, 
which further comprises a plurality of laser-light 
reflection grooves provided on the peripheral side 
surface of the light diffuser in such a way as to 
extend in a direction perpendicular to an axis of the 
light diffuser and in such a manner that laser light is 
irradiated in a direction along the axis of the light 
diffuser and in radial directions from the axis to the 
peripheral side surface thereof. 

4. The medical laser probe according to claim 1, 
wherein a plurality of dimples are formed in a 
peripheral side surface portion of the light diffuser 
in such a manner that laser light is irradiated in a 
direction along an axis of the light diffuser and in 
radial directions from the axis to the peripheral side 
surface thereof. 

5. The medical laser probe according to claim 1, 
wherein additive agents, which are operative to 
reflect laser light, are added to a transparent mate- 
rial of the light diffuser by gradually increasing the 
density of the additive agent from a laser-light inci- 
dence portion of the light diffuser to an end thereof 
in such a manner that the closer to the end of the 
light diffuser a place becomes, the higher the diffu- 
sion coefficient thereof at the place becomes, so 
that laser light is irradiated in a direction along an 
axis of the light diffuser and in radial directions from 

. the axis to the peripheral side surface thereof. 



gle is inserted between a protective diffusion tube 
and a transparent light diffuser along the axis of the 
light diffuser so that a part, which does not need to 
be irradiated with laser light, is shielded from laser 

5 light radiated in the radial directions from the axis of 
the light diffuser to the peripheral side surface 
thereof and that laser light radiated in the radial 
directions from the axis of the light diffuser to the 
peripheral side surface thereof is concentrated onto 

w a part to be irradiated with laser light. 

8. The medical laser probe according to claim 7, 
wherein the reflector is made of gold which has high 
efficiency in reflecting laser light. 

15 

9. The medical laser probe according to claim 1, 
which further comprises flexible laser-light blocking 
means mounted outside the protective diffusion 
tube and along an axis thereof. 

20 

10. The medical laser probe according to claim 9, 
wherein the laser-light blocking means is made of a 
fibrous material having flexibility. 

25 11. The medical laser probe according to claim 10, 
wherein the fibrous material of the laser-light block- 
ing means is made of a shape memory alloy. 

12. The medical laser probe according to claim 1, 
30 which further comprises disk-like flexible laser-light 

blocking means mounted at both ends of the pro- 
tective diffusion tube in such a manner that each of 
the laser-light blocking means extends in a direction 
perpendicular to an axis of the protective diffusion 
35 tube. 

13. The medical laser probe according to claim 9, 
wherein the laser-light blocking means is made of a 
material adapted to selectively block off laser light 

40 and to transmit light other than laser light. 

14. The medical laser probe according to claim 12, 
wherein the laser-light blocking means is made of a 
material adapted to selectively block off laser light 

45 and to transmit light other than laser light. 



50 



6. The medical laser probe according to claim 1, 
wherein the protective diffusion tube is made of ss 
translucent smooth plastics. 

7. The medical laser probe according to claim 7, 
wherein a laser-light reflector shaped like a rectan- 
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